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NOTICE

This document is disseminated under the sponsorship
of the Department of Transportation in the interest of
information exchange. The United States Government
agsumes no liability for its contents or use thereof.

The work reported herein was accomplished for the
U.S. Coast Guard's Office of Research and Development as
part of its program in Recreational Boating Safety Technology.

The contents of this report reflect the views of the
Coast Guard Research and Development Center, which is
responsible for the facts and accuracy of data presented.
This report does not constitute a standard, specification
or regulation.
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1.0 INTRODUCTION

The Federal Boat Safety Act of 1971 authorized the Coast Guard
to establish Boating Safety Standards. The safety standards specifically
exclude sailboats, canoes, kayaks, and inflatable boats. In order to
establish safety standards for inflatable boats, it was necessary to gain
same background knowledge of inflatables. Important areas of interest
are construction, safe loading, powering and underway stability.

Both British Standards Institution 1 and the French Naval Fngineering
and Industries Pleasure Navigation 2 have specifications for inflatable
boats. These specifications specify material requirements as well as
operational quidelines and performance standards. The American Boat and
Yacht Council, Inc., Hull Performance Camittee is also developing an
inflatable boat standard.3 These were used as guidelines and were an
ir ortant source of background information.

To obtain experimental data, an inflatable boat test program was
initiated at the Coast Guard Research and Development Center, Groton,
Connecticut. The test program was designed to establish procedures for
evaluating inflatable boats and to identify any specific problems in
the above mentioned areas of interest.

The purpose of this report is to document the test procedures developed
at the R&D Center in the areas of construction, safe loading, powering and
underway stability, and to identify the prablems affecting the safety of
inflatable boats. Recamended standards concepts are proposed.

2.0 STATE OF ART SURVEY
2.1 Objective
The dbjective of this task was to identify the inflatable
boats available to the boating public and to identify specific models
to be procured for evaluation in the test program.
2.2 Market Definition
A description of available inflatable boats was campiled fram
information contained in sales brochures. Sixteen manufacturers and/or

importers were inc luded. There are three basic inflatable boat
configurations:
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2.2.1 Canoce-shaped inflatables, having a high length/beam
ratio and utilizing paddles for propulsion. Of 180 boats listed 19,
or 10.6%, were canoes.

2.2.2 Dinghy-type inflatables, having a low length /beam
ratio and buoyancy tubes campletely surrounding the passenger campartment.
They are intended to be rowed or paddled, but several models can be fitted
with brackets for low-powered (less than 7.5 hp) outboards. Of 180
boats listed 89, or 49.4%, were dinghies.

2.2.3 Sportboat inflatables, having U-shaped buoyaiicy tubes
connected to a plywood transam and a low length/beam ratio. These boats
are intended to be powered by outboards (up to 115 hp), but most models
also cane equpped with oars and ocarlocks. They usually have some sort of
inflatable or wooden keel to give the bottom a V-shape. Same models have
a rigid fiber glass V-hull bonded to the buoyancy tubes. Of 180 boats
listed, 72, or 40.0%, are sportboats.

There are two basic construction techniques being used in
inflatable boat manufacture:

2.2.4 Unsupported vinyl boats usually are made fram a
polyvinylchloride based material. Electronically welded seams are
generally used for fabrication. This type of material is used primarily
in the construction of relatively inexpensive canoce and dinghy-type
inflatables. Boats made of this material utilize low inflation pressures
(less than 1.0 psig.) and are propelled primarily by oars or paddles.
Same models can be fitted with brackets for use with very low-powered
outboards (less than 3hp). Of 180 boats listed, 41.7% use this type
of construction, all of which are dinghies or canoces.

2.2.5 Coated fabric boats, made from a nylon or canvas
fabric coated with neoprene, hypalon, rubber, a vinyl derivative, or a
caobination of these materials. Boats are generally fabricated using a
cold bonding process, although same rodels are hot vulcanized. All of
the sportsboats and higher powered dinghie: utilize a fabric reinforced
material. Coated fabric boats generally have inflation pressures of
2.0 - 4.0 psig depending on their intended use. Of 180 boats listed,
58.3% use this type of construction.

Further background information concerning the construction
and usage of inflatables was cbtained fr.m prior Coast Guard evaluations,
available current standards and trips to and/or discussions with
inflatable boat manufacturers.
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2,3 Sample Definition

Four basic quidelines were used in choosing the test fleet.
2,3.1 The test boats should be representative of the market;
2.3.2 Boats having 'mique features should be evaluated;

2.3.3 Each manufacturer should be sampled in order to get
a large cross section of boat ornfigurations and construction techniques;

2.3.4 The size of the fleet should be kept small because of
cost considerations and the available time for testing.

Thirteen boats fram nine different manufacturers were
chosen for evaluation. Samples of each configuration and most of the
construction techniques were included. A general description of the test
fleet follows:

2.3.5 Cances. Only one boat of PVC construction was chosen
since this group was rather limited in size.

2.3.6 Dinghies. Four boats were chosen from this group. The
smallest was a 7'5" long PWC dinghy, and the largest was a 12'8" long
coated fabric dinghy with a detachable outboard motor bracket. Four
different manufacturers were represented.

2.3.7 Sport boats. Eight boats were chosen fram this group. 3
The smallest was 9'3Ei Tong and rated for 10 hp. The largest was 16'6" long
and rated for 65 hp. All the boats were constructed of coated nylon with
glued seams. Six different manufacturers were represented.
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3.0 POWERING & UNDERWAY STABILITY

3.1 Objective

The abjective of this task was to evaluate the performance
of infla-able boats and to establish and/or evaluate approaches to the
determination of safe powering.

3.2 Boat Familiarization

Since prior experience with inflatable boats was minimal, the
boats were operated under varying weather, load and powering conditions in
order to develop a "feel" for inflatables. Several cbservations were
made:

3.2.1 Sportboats - Inflatable sportboats were generally
very quick with the manufacturer's rated horsepower. The boats had a
light feeling and reacted quickly to changes in thrust direction. They
have a tendency to slide rather than turn. All the boats assumed a
severe trim angle when power was suddenly applied while the boats were
in the displacement mode. Same of the boats were operated in a loaded
condition in various weather conditions and on varying headings. The load
consisted of two to four passengers (depending on boat size), two tanks
of fuel, life jackets, an anchor, and paddles. The loaded boats seemed
to handle slightly better. This was attributed to the fact that they
were going slower with the increased load.

When power is cut quickly and the sportboats come off
plane, the wake enters the boat over the transam. Since these boats have
no self-bailing wells, the water cames directly into the passenger area.
vthile this mckes the passenger area wet, it is not considered hazardous
because of the relatively small amount of water caming on board. Most of
the sportboats back down poorly, with little directional control. It should
be noted that section 8.5 of the British specification describes subjective
tests intended to evaluate these facets of inflatable boat behavior.

3.2.2 Dinghies - Dinghy-type inflatables with detachable motor
mounts could not absorb the thrust of the manufacturers' rated outboards.
This was caused by one or a carbination of several of the following
deficiencies.

3.2.2.1 The motor brackets were not securely fastened
to the buoyancy tubes. The weight and thrust of the rated outboards
cause the brackets to slip and slowly lower the bracket/outboard assembly
into the water.

3.2.2.2 The boats did not have sufficient rigidity. Since
most of the outboard brackets were not designed to distribute the thrust of

"the outboards, the concentrated thrust caused the buoyancy tubes to bend under

the boat. This resulted in an awkward trim condition and the bent tubes
caused the motor to be iowered into the water.
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FIGURE 3 - POWERING OF INFLATABLE BOATS
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3.2.2.3 The boats were too small to carry the wei jht of an
outboard. The smaller dinghies, when fitted with an outboard ~nd a passenger
sitting far enough aft to operate the motor, had excessive trim by the stern.
In one case, this amount of trim submerged the exhaust ports of the outboard,
causing the motor to stall repeatedly.

3.2.3 Manual Propulsion - Most of the boats, although fitted with
oars and oarlocks, were unsuited for rowing. Since the boats were so light
and float on rather than in the water, they were easily blown about by the
wind. One 8' boat could not be paddled by two men in winds as little as
10 knots.

3.3 SUBJECTIVE MAXIMUM HORSEPOWER EVALUATION

The inflatable boats ability to handle horsepower was
evaluated subjectively by R&DC personnel. Three factors were considered
when subjectively evaluating a boat: maneuverability, underway stability
and structural soundness. Maneuverability is defined as boat behavior in
transient conditions. This included handling in turns, backing ability and
ability to take full throttle acclerations. Underway stability is defined
as behavior under steady state (constant velocity) conditions. This
included roll, yaw and pitch stability while operating at constant speeds
on given headings. Structural soundness is defined as the ability of the
boat hull and transam to handle the weight and thrust of the outboard
being tested.

Figure 4 lists the assigned subjective maximum horsepowers
and give a description of each boat's behavior during evaluation. Figure
5 is a plot of the sportboat subjective horsepowers. The table below is a
sumary of subjective horsepower ratings for inflatable dinghies.

" COAST GUARD LENGTH MANUFACTURER'S SUBJECTIVE
- ID NUMBER RATED HP HP

73-02 8'0" 3 4

73-06 12'8" 7.5 4

73-11 g'2" 5 4
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x 14", 3 bladed prop).

The boat is fast, but handles very well. The boat
has been powered briefly by a long shaft 50 hp

| o
at " of a
. : i
outboard fitted with a standard propeller

(9" x 10", 3 bladed). The boat was sluggish and
s ith a rd. t i i
This boat has been operated extensively with a

40 hp outboard (10 3/8"

and 18 hp (9 1/4" x 12",
a

When powered with 25 hp (9"x10" ,

x 15", 3 bladea prop) and has
performed well (manufacturer recamends short

short shaft engine).

outboard (13 3/4"

50.5
85.6

FIGURE 4 - RESULTS OF SUBJECTIVE HORSEPOWER EVALUATION
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3.4 ABYC AVOIDANCE COURSE

Sportboats were evaluated on the American Boat and Yacht Council
avoidance course (figure 6). Dinghies were not tested on the ABYC course
since they operate at a low level of speed where maneuverability should not
be a problem,

This avoidance course was selected for evaluating the inflatable boats
because it is a course which is recognized and understood by the boating
industry.

The following conditions fram the ABYC handbook, Safety Standards for
Small Crafts, define an acceptable performance on the avoidance course:

a. A minimum of three consecutive runs at continuous full throttle in
each dire:tion should be nade through the test course passing outside the
avoidance marker designated for the determined maximum boat speed without
contact with any of the course markers.

b. There shall be no change of pcsition of any on board equipment
or personnel during these runs.

c. There should be no propeller cavitation while negotiating the course,
to the extent there is loss of directional control by the operator. Planning
Boats dropping below planning speed....will not be acceptable.

d. There should be no instability evidenced by oscillating motion
in the roll or yaw axes exhibited while negotiating the course.

Top speeds were obtained by timing the boats over a measured distance
on the course. Generally, three two-way timing runs were made. The results
of these powering tests are presented in figure 7. Figure 8 is a plot of
ABYC horsepowers as a function of length/beam factor. The subjective HP=
FACTOR - 35 line is included for reference. There is generally good agreement
between the ABYC course results and the subjective horsepower ratings.
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4.0 CAPACITY AND FLOTATION
4.1 Objective

The objective of this task was to establish and/or evaluate various
approaches to the determination of safe capacity and flotation requirements.

4.2 Preliminary Pool Tests

Preliminary capacity and stability tests were performed in the
USCG Academy swintming pool. The purpose of these tests was to became familiar
with and to identify any problems concerning inflatable boat behavior. The
following abservations were made:

4.2.1 It was difficult to ascertain specific stability limits
using people as weights. Sametimes the boats would support their live load
capacity on the buoyancy tubes, and sametimes not. It was found that sitting
position (i.e., position of center of gravity) was critical. Further stability
tests were scheduled.

4,2.2 During damage stability tests it was dbserved that partially
inflated boats lose their shape and generally their stability characteristics.
Since the boats retained their ability to support rated load it was felt that hull
shape and maximum displacement were not the best measure of maximm weight capacity.
Maximum weight capacities should be a function of charber volume.

4.2.3 The boats generally had ample reserve buoyancy to support
the rated load when filled with water.

4.2.4 Small amounts cf added water had a tendency to increase
rather than decrease the stability of a boat. This was attributed to the
added mass low in the boat more than offsetting the free surface effects.

4.2.5 There was generally same sort of lateral rovement in all
the boats when a passenger tried to move around. The stahility problem was
least with the larger boats, as would be expected, and greatest with the
dinghy=-type boats that did not have a rigid floor.

4.3 PERSONS CAPACITY

Since bucvancy tubes and tail cone overhangs utilize a large percentage
of the available space in inflatables (see Figure 11), it was felt that a
passenger carrying capacity based on plan (horizontal) area would be a realistic
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FIGURE 10 - PRELIMINARY POOL TESTS
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quideline to establish. It should be noted that this capacity rating is based
on available area and not on maximum weight capacity or transverse stability.
Two tests were designed to evaluate the passenger carrying ability of an

k inflatable boat.

In the first test, the boats were loaded with the maximm nurber of 3
people they could hold inboard of the buoyancy tubes. Passengers were seated
on the floor of a boat, with their knees pulled up toward their chests. The
; boats were overcrowded with the maximum number of people on board. There was
§ no available space for motor, fuel, PFDS and the necessary equipment. The
| results are tabulated in Figure 12.

e

The second test was designed to find a suitable method of describing
a safe loading level. Passenger capacities were calculated using the formulas
’-;-;2. + A/4, A/5, and A/6, where A was the passenger carrying area. Passenger carrying
area was defined as that portion of the boat inboard of the buoyancy tubes
and transam. Area under bow dodgers was excluded in the passenger carrying
area. Area under removable thwarts was included in the passenger carrying
area. L is the overall length and 3 the overalli beam of the test boat. The

boats were loaded and then evaluaced by two cbsarvers.

TRERTTYS TP v O SO

ikt D e e
e i e

The following system was used to evaluate the boats. A "1" was assigned if
: the boat seated the required aurber of passengers, but, in the judgment of the
4 adbserver, lacked sufficient additional spacc for the operation of the boat and
; the carriage of necessary equipment (ie. outboard motors, fuel, PFDS).
A "2" was assigned if the boat seated the required nmumber of passengers and,
in the judgment of the dbserver, had the minimum additional space necessary
| to operate the boat and carry the necessary equipment. A "2" was considered
to be the lowest rating a boat could have and still be safe for use underway
: in actual operating conditicns. A"3" was assigned if the boat seated the
required nurber of passengers and, in the judgment of the cdbserver, had
more than sufficient additional space for the operation of the boat and the
carriage of necessary equipment. A boat with a rating of "3" was not loaded
to her maximum capacity, but rather to a level camensurate with optimum
loading conditions.

bl o Ak A

o
:
A

The results of this evaluation are given in figure 13. The average
passenger height and weight is given below:

s

No. of passengers 5 4 3 2 1
Average height 68" | 67" | 68" | 69" j
Average weight I55# 145%] 147#] 148# ;
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In addition to these tests, it has been suggested that a special persons
capacity rule be used for dinghies such that the maximum persons capacity
equals ((LxB)1.5)/75, where L is the overall length and B the overall beam.
Only four dinghies were evalvated in the initial test program and none of these
were as large as currently available dinghies. Therefore, it was necessary

to extrapolate the available data in order to evaluate the ((LxB) 1.5)/75
formula. The safe persons capacity evaluation (Fig. 13) gives an average
evaluation of 1.94 for the manufacturers' recamended capacities on dinghies
73-02, 73-03, 73-04, and 73-06. This average cames very close to the minimum
acceptable evaluation of 2.0 and therefore it was assured that the manufacturer's
recammended capacity for a dinchy would be the maximum safe rating if

evaluated according to the maximum persons capacity test. Manufacturers'
ratings for 14 sample boats are given below.

SAMPLE LxB MANUFACTURERS RECOMMENDED
NO. FACTOR NO. QOF PERSONS
1 41.9 2
2 46.7 3
3 51.6 4
4 61.2 5
S 32.0 2/3
6 39.0 4/5
7 46.7 5/6
8 64.0 7
9 84.5 7/8
10 105.0 8/10
11 36.0 3
12 40.5 4
13 45.0 5
1 14 54.0 6

25
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Figure 14 is a plot of the manufacturer's recammended capacity, the
(IxBL.5/75 capacity, and the A/4 capacity. Manufacturer's capacities are
shown as "X." Capacities given as a range of numbers are shown as "X" con-
nected by a straight line. Points used to plot the A/4 curve are shown as
circles.

White the agreement is good between the proposed (L81-5/75 capacity and
the manufacturer's capacities up to LxB equal to 70, the proposed capacity
seems to be too great for higher LxB factors. For the largest dinghy currently
available (I=15', B=7', LxB=105) the proposal allows a maximm persons capacity
of 14. The manufacturer recommends 8 to 10. Therefore the proposal gives a
60 to 75 percent increase over the assumed safe persons capacity. For this
reason the proposal is considered unacceptable for the larger dinghies.

Agreement between the A/4 capacity and the manufacturer's capacities
follows the same trend as (LxBl:5/75, but the discrepancy for the higher LxB
factors is only 10 to 38 percent over the assumed safe persons capacity.

Figure 15 is a comparison of the persons capacity methods. It is felt
that an "A/4" factor gives a safe persons capacity wiihout being restrictive
since it gives an average evaluation closest to the minimum acceptable value
of "2." It is also felt that a passenger capacity based on "A" (passenger
carrying area) is better than one based on overall dimensions (LxB). Under a
passenger capacity based on overall dimensions, a boat could be designed with
abnormally large diameter buoyancy tubes to increase maximum weight capacity
and the actual area available for carrying passengers would be small. With a
passenger capacity based on passenger carrying area and a maximum weight
capacity based on chamber volume a designer is encouraged to optimize boat
habitability and weight carrying capacity to arrive at a safe design.

4.4 LIVE LOAD CAPACITY

The lack of seats and general configuration of most inflatable boats
encourages passengers to sit on the buoyancy tubes during same phases of
operation. This was especially true in inflatable sport boats. Two different
tests were performmed to evaluate transverse stability under this loading
condition.

The first set of tests was done during the preliminary pool tests (see
Section 4.2). In this set of tests poople seated on the buoyancy tubes were
used as off-center weights. No counterbalancing centerline weights were used.
Because of the difficulty in positioning the center of gravity when using
people as weights, there was generally a range of weights for which capsizing
would occur. The minimum and maximum weights are given below for the eight
boats in house at that time.

26
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G ID Minimum Maximum
Nunber Persons Weight Persons Weight
1
: 73-01 314 # 653 #
“ i 73-02 367 # Same as minimum persons weight
| 73-03 332 # 339 4
: | 73-04 350 # 528 #
; ’ 73-05 898 # 1049 #
; 73-06 494 # 815 #
; 73-07 993 # 1056 #

73-08 838 # 9934

In the second test, the rated horsepower outboard was mounted on the
1 transam and the battery and fuel tank weights as given in the Federal Register,
| Vol. 37, No. 151, Part II, were placed on the boat centerlin:, where applicable.
3 The boats were then loaded with lead weights on the centerline of the buoyancy
| tubes. To find live load capacity, the weight on the buoyancy tubes was divided
' by 0.60, in accordance with the procedure cutlined in the Federal Register,
Vol. 37, No. 151, Part II. Since outboard motor brackets for dinghies are an
option, these boats were tested without outboards and auxiliary equipment.

Five boats characteristic of the camplete range of dinghies and sportboats
were tested. The results are as follows:

G I Capsizing Live Load 4
Number Load Capacity
73-02 121.25 # 203 # ?
73-06 173.75 # 290 # é
73-07 659.25 1099 # f
73-08 490,504 817 # ;
73-10 384.75 # 641 # %
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73-07

73-10

FIGURE 17 - LIVE LOAD TESTING

31

e PO 7




#
L

T Ry

i

The preliminary pool tests with people indicate that buoyancy tube
loading with concentrated weight might not be representative of an actual
live load. Since the live load capacities, persons capacities, and persons’

weights agree favorably, it is felt that a live load capacity for inflatable
boats is unnecessary.

4.5 MAXIMUM WEIGHT CAPACITY

Preliminary pool testing (Section 4.2) indicated that the weight
capacity should be a function of inflated chanber volume. This approach
is also followed by the French and British inflatable boat specifications.
Chamber volumes were calculated for several sample boats using basic geametry.
Maximum weight capacities werc :ulculated using three different formulas:

Capacity = .75 Dg W
Capacity = .60 D, -W
Capacity = .50 D, -W

where:

D, = Main Chamber Volume. Excludes removable chambers.
Expressed in pounds of displaced fresh water.

W = Weight of the boat hull, floorboards and all its

permanent appurtenances. Outboard motors are not
included.

The 0.75 D~W formula is used in the British and French specifications;
0.50 D, -W gives capacities similar to those given by the formula for
convenfional outboard boats (maximum displacement - Boat weight;)0.60 D, -W
was taken as an average between the two. 3 Figure 19 is a camparison of the
capacities derived fram these three formula.

Testing in the R&D Center test tank was performed using lead weights.
In most cases the capacity given by 0.75 D, -W was judged to be too great.
This amount of weight caused deflection in the buoyancy tubes both in the
profile and waterline planes, on the order of magnitude of two to three
inches. Freeboard was reduced by an average of 38% for sportboats and
23% for dinghies with this amount of weight. The remaining freeboard was
considered to be inadequate.

Capacities calculated fram the 0.50D, -W formula were acceptable. Freeboards
were reduced by an average of 28% for sporEboats and 15% for dinghies. It was
felt that the boats could handle more weight than that allowed by this formula.
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FIGURE 18 - MAXIMUM WEIGHT CAPACITY TEST




i e _bdbly GBS L Al AN R e S S i S8

] SAILIOVAVD IHOIAM WNWIXVW 40 NOSIYVAWOD - 6T TAUOIJ

“_ LLY 066 09. 68 ZETT 0T-€L
w LTIL £88 €ETT STT #9971 80-€L
3 =
2 AN 90% T 66LT S91 8192 LO-EL
w £08 €L6 6221 8P ZoLT 90-€L
3 Z621 P6ST 8%0¢2 02z vZo€ S0-€L
bLE 6SY 886 €S 7s8 Z0-€L
929 ZLL 166 90T €9V T 10-€L
(sg1) z|oo 06° | (s€7) 3|oa 09° (sg1) m-"a st (sdT1) IHOIIM |(S9T) XONVAONL dAgWAN dI
ALIDVAYD JIHOIAM WNAKWIXVIW lvod TY¥IO0L | aQI¥No LSY0D

PIRRITE i x i




e H;‘if.;._v‘a.jq"ﬁn-.:.., Lhalilice ok aptni e o

Tests of the 0.60D. -W criterion showed a decrease in freeboard of

34% for sportboats and 19% for dinghies. These freeboards were considered to
be acceptable, and it was felt that this formula gave the safest campramise
between available freeboard and maximum weight capacity.

; During these tests it was noted that the non-rigid fabric flcors of the
dinghies distended considerably when loaded with weight. This increased their
displacement considerably with only a small decrease in freeboard. This is the
reason for the difference in the percentage decreases in freeboard between the

sportboats and the dinghies.

5.0 MATERIALS AND FABRICATION TECHNIQUES

LI

5.1 Objective

The ocbjective of this program was to establish and/or evaluate ‘7
methods of determining the adequacy of materials, construction techniques, and j
construction details as they relate to the safety of inflatable boats.

i
TP O SN

\ 5.2 Inflation Tests

] Inflation tests are a simple and effective method of evaluating
) the structural integrity of inflatable boats. Three tests have been suggested
] during industry (American Boat & Yacht Council) meetings to develop a standard.

They are:

a. Over-pressure test.
b. Working vressure test.
c. Bulkhead integrity test.

5.1.1 Over-Pressure Test - In the over-pressure test, the entire
boat is to be inflated to 2.5 times the manufacturer's recamended working

: pressure. Manufacturers generally agreed that inflation to this pressure

] is a good test of the overall strength of the hull fabric and seams. Working

3 stresses arising from powering and general boat usage were felt to be well within
3 this limit.

, As an example, if a PVWC dinghy with a normal working pressure of 1.0 psig
?7 were inflated on a cool 40° F morning, it would be necessary for afternoon

temperatures to exceed approximately 88° F in order to increase inflation pressure 1
by 2.5 times. If a sportboat with normal working pressure of 4.0 psig were ;
subjected to similar conditions, afternoon temperatures would have to exceed E
200°F in order to increase inflation pressure by 2.5 times. ;

[ 5.2.2 Working Pressure Test - The working pressure test is designed
' to measure the air see<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>